This paper proposes the definition of a goal programming model for the selection of artifacts to be developed during a testing process, so that the set of selected artifacts is more viable to the reality of micro and small enterprises. This model was based on the IEEE Standard 829, which establishes a set of artifacts that must be generated throughout the test activities. Several factors can influence the definition of this set of artifacts. Therefore, in order to consider such factors, we developed a multicriteria model that helps in determining the priority of artifacts according to the reality of micro and small enterprises.
Introduction
According to the Ministry of Science and Technology of Brazil, about 60% of software development enterprises in this country are classified as micro and small enterprises [1, 2] . In order to remain on the market, these companies need to invest significantly in improving the quality of their products because of the inherent complexity of the software development activity, which depends mainly on the interpretation skills of those involved. For that reason, this activity is susceptible to various issues, including the possibility of developing software other than what is expected by the user.
In this context, the test activity is fundamental in supporting the quality assurance of products. However, it is important to note that according to the estimates obtained in recent years, 50% of development costs are allocated to software testing [3] and, in the scenario of micro and small enterprises (MSEs), where resources availability is limited, software testing activities are reduced or, in many cases, eliminated [4] , because of the lack of skilled professionals in the area, the variety of techniques existing, and the difficulty of implementing a testing process. These companies do not have the necessary capital to hire such professionals, besides not having the know-how of testing techniques and having much difficulty to deploy a testing process practical enough.
A variety of micro and small enterprises still do not have a formal testing process and even have the ability to implement a process that meets the needs and ensure the correct execution of activities. Generally testing activities, when included in the development process of software these companies are carried out by developers or system analysts. These professionals do not have knowledge about the techniques and testing criteria and, therefore, cannot benefit from the application of the techniques most appropriate to the context of the organization and the characteristics of the software being developed.
About these limitations, it is important to define an approach that is not large or unviable, to allow the utilization of a testing process in these companies. As you can see, the testing process is very expensive and time consuming, spending valuable resources in such activity [5] .
Small businesses have unique and distinct characteristics: they develop software generally smaller and less complex; do not have many financial resources; avoid expensive tools, sophisticated and complex procedures; processes and methods are unique [6] . Thus, from the definition of constraints and objectives expected for a testing process and considering the favorable and unfavorable conditions of the enterprise, it is possible to use operations research techniques such as linear programming, game theory, queuing theory, dynamic programming, risk analysis, goal programming, among others. These techniques and methods provide the decision maker with the possibility of increasing the degree of rationality of the decision, assisting in defining the actions to be taken, since they allow considering various relevant aspects of the decision making process.
The remainder of this paper is organized as follows. Section 2 explains the importance of software testing activity for enterprises in general and how the main standards and maturity models for software address such activities. Section 3 explains the basis of the multicriteria model and how this model can be used for the decision support process. Then, a multicriteria model is defined to support the definition of a software testing methodology in Section 4. Next, Section 5 describes the goal programming model, the proposed model and the results obtained with application from this model. Finally, a conclusion of this work is taken in Section 6.
The Importance of Using a Process
Software testing has been covered in the most acknowledged process maturity models and standards, such as CMMI [7] , MPS BR [8] , ISO/IEC 12207 [9] , and ISO/IEC 15504 [10] . All of these maturity models and standards provide a guide to support the definition of a software testing process so that the testing activities are performed in an organized, disciplined manner and based on a set of well-defined activities. However, the definition of that process and the artifacts generated are the responsibility of the company that implements the standard or model and should be in accordance with their needs and the particular characteristics of each project.
Likewise, the evaluation and improvement models of software testing processes, such as Testing Maturity Model [11] and Test Process Improvement [12] , were created in order to provide support to companies wishing to improve the testing process. Nevertheless, it is not the purpose of these models to assist the company in the definition of the testing process. However, the ISO/IEC 829 [13] Standard is slightly different from other standards and models because it establishes a set of documents to be generated over the testing activities. Altogether there are eight documents Advances in Software Engineering 3 included from planning and specification activities until testing reports, as shown in Figure 1 .
Related Works
According to [14] , although the IEEE 829 can be used to test software products of any size or complexity, for small or low-complexity projects, some proposed documents can be grouped to reduce the management and production cost of documents. Moreover, the content of the documents can also be shortened.
GRASP metaheuristic is applied to the regression test case selection problem, defining an application related to prioritization of tests in [15] . In another work [16] , an application for test redundancy detection is developed in a useful way, as a collaborative process between testers and a proposed redundancy detection engine to guide the tester to use valuable coverage information.
Fundamentals of Multicriteria
The objective of multicriteria is to reduce the subjectivity in the decision making process, using multiple criteria and application of mathematical calculations. However, it is important to emphasize that the subjectivity factor will always be present in the decision making process since the items to be mathematically evaluated are a result of human opinions. Its focus is, therefore, to support the decision maker in the information analysis and seek the best strategy among existing alternatives.
The adoption of a multicriteria decision support approach in this work is due to the fact that this approach, that is in constant growth, provides the group involved in the decision making process with subsidies required to obtain a solution that best fits the needs of the group [17] . Also, the approach focuses on issues that include qualitative and/or quantitative aspects, based on the principle that the experience and knowledge of people are at least as valuable as the data used for decision making [18] . Another factor that encouraged the adoption of the multicriteria approach in our study was the fact that this method has already been applied in the software engineering field [19] [20] [21] .
A Multicriteria Model to Support the Definition of a Software Testing Methodology for Micro and Small Enterprises
A multicriteria model, developed by Rodrigues et al. [20] [21] [22] [23] , based on objective and subjective criteria was applied in order to support the prioritization of the artifacts available in the IEEE 829-1998 Standard, selecting the most relevant items for micro and small enterprises. The model consists of a series of generic steps that were distributed among the three main phases of the decision supporting process: (1) structure, (2) evaluation, and (3) recommendation. However, in the context of our work, we used only the structure phase of the model because other phases were replaced by the goal programming model, resulting in a hybrid model. The steps of the structure phase are detailed in Table 1 .
5.1.
Structure. In the step "identify criteria," all the involved actors participated in a conference session to choose the criteria to be analyzed for prioritization of the documents of the IEEE 829-1998 Standard. The criteria selected for the evaluation are shown in Table 2 .
In the step "identify actors and their weights," two groups of actors were selected to participate in this decision making process: the first group, consisting of two experts in software testing, and the second group composed of two professionals working in micro and small enterprises.
Then the actors answered a survey composed of three sections covering the characterization of the respondent, the prioritization of the criteria used in the model and the analysis from the point of view of the actor regarding the criteria and documents analyzed. The documents, in turn, represent the alternative solutions in decision making process.
To calculate the weight for a specific actor, a value for each of the answer options was established for each item of the survey. Also an adjustment factor was established for each group of actors, testing experts and professionals working in micro and small enterprises in relation to each of the criteria considered in the model. This is needed to establish a differentiated weight for each group of actors by criterion evaluated in the model. Thus, the weight of each actor consists of the sum of the scores referring to the actor's response to each item of the survey, multiplied by the adjustment factor of the criterion in question, considering the group to which the actor belongs to. The formula applied for obtaining the actor's weight is given below:
where PA(a, c) is the actor's weight a for the criterion c, R i corresponds to the actor's answer for the item i of the survey, F c corresponds to the multiplication factor of the criterion in question, and A corresponds to the number of items of the survey.
It is worth noting that the actor's weight for the criterion does not vary according to the document being assessed.
In the step "assign prioritization to the criteria," each actor ranked the selected criteria according to their degree of relevance, not by specific document, but for the company's testing process, as shown below:
where Priority (a, c i ) is the criterion priority c for the actor a, n is the number of criteria, and i, j > 0. Next, for each criterion, a partial evaluation of the score was made. This partial evaluation is derived by multiplying the values obtained from the viewpoint of the actor for each document, the actor's weight for each criterion and Table 1 : Model's steps.
Phase
Step Description (7) Identify criteria Identifies the criteria to be used to evaluate the artifacts and defines the priority of these criteria.
(8) Identify actors and their weights Identifies the actors who will expose their points of view, also considering their roles in the decision making process.
Structure (9) Assign prioritization to the criteria Each actor should assign a weight to the criterion, considering the full test process and not only a specific artifact.
(11) Execute a partial evaluation During this step, the values are normalized by placing them on the same base (base 1), in order to perform a equality partial evaluation. This evaluation is derived by multiplying the values obtained from the point of view of the actor for each document by the actor's weight and the criteria priority.
(12) Calculate the general scores of the criteria It is the calculation of the median obtained using values resulting from the previous step. 
Criterion Description Difficulty level
Is the level of difficulty to obtain the information necessary to fulfill the artifact low? Information relevance Is the information contained in the artifact relevant to the reality of the organization? Reuse possibility Is there a high possibility for the information contained in the artifact to be reused? Effort
Is the effort required to complete the artifact low? Knowledge
Is the level of knowledge in software testing required to fulfill the artifact appropriately quite low? Cost
Is the cost for fulfilling the artifact low? the priority assigned by the actor to the criterion. This multiplication represents the score (E) of each actor for each criterion of each document and will serve for further classification and prioritization of documents, as shown below:
It is noteworthy that the values applied for the criteria priority and actor's weight were equalized in order to ensure an equitable evaluation, as shown below
where n represents the number of criteria
where m is the number of actors.
After the results obtained in the partial evaluation for each actor, in the step "calculate the general scores of the criteria" was carried out, the calculation of the arithmetic mean to obtain the final score of each document for each criterion, as shown below:
where E x is the corresponds to the partial score of the document x i , determined by the actor a referring to the criterion c, m is the number of actors.
The average value found was used as a basis for the prioritization of the documents during the application of the goal programming model.
Goal Programming
In real problems, the occurrence of multiple objectives to be considered at the time of resolution is frequent and mutually conflicting goals are not uncommon.
The goal programming is an extension of linear programming that has emerged as an option to the basic mathematical programming models, allowing to solve, simultaneously, a system of complex goals, rather than a single, simple goal [24] . This is a method that requires an iterative solution procedure by which the decision maker investigates a variety of solutions. However, a peculiarity of goal programming is the impossibility of representing all the goals in a single-objective function (often conflicting or unrelated). Therefore, goal programming considers all the objectives and seeks a solution that least deviates this set and at the same time meets the restrictions of the problem.
The goal programming and the approaches for multicriteria decision support have in common the fact of presenting a series of feasible solutions to the problem so that the decision makers can find/choose the one that best meets their needs and expectations. This similarity between the approaches motivated the creation of the hybrid model for the selection of documents to be produced during the testing activities.
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The main idea of goal programming problems is to describe a function for each goal and also set a goal value for each of these. These functions represent the constraints of the problem, and then formulate an objective function that minimizes the sum of the deviations of all goals. The following presents a goal programming model simplified, first presented by Charnes and Cooper [25] :
for each goal m
where X = {x 1 , . . . , x n } corresponds to the vector of decision making variables that at the end of the process of resolution of the model will provide a configuration that leads to better results, considering all the goals and constraints applied to the model; f m (X) is a function f : n → that defines the objective of goal m; v m is the numerical value to be achieved by the goal m; y + m and y − m are the positive and negative deviation variables, respectively, that calculate the variation of the goal m. The variable y − j represents the absolute value that each goal is below the originally desired and y + j represents the absolute value that each goal is above the originally desired. In order that a negative deviation does not cancel a positive deviation, the model should measure it in absolute terms, and, therefore, the objective function is represented by minimizing the sum of the deviations of each goal.
Note that in the model suggested by Charnes and Cooper [25] , we assumed that all objectives and all goals have the same weight.
Proposed Goal Programming
Model. The purpose of our work is to decide which documents, among those suggested by the ISO/IEC 829 Standard, presented in Section 2 of this paper, and are more relevant to the reality of micro and small enterprises, in order to make the amount of documents produced during the testing activity more viable to the context of the MSE. These variables are represented by the binary variables u x , which represent
Next, we define the goals for each objective. The goals were defined based on the criteria considered relevant for the selection of artifacts. Each goal relates directly to one of the six selected criteria during the application of the multicriteria model, as shown in Table 2 . The definition of the goals can be seen below:
(i) Goal 1-select artifacts whose level of difficulty to obtain the information needed to its completion is low;
(ii) Goal 2-select the artifacts whose information is of most relevance to the reality of the enterprise;
(iii) Goal 3-select the artifacts in which the possibility of reusing the information contained therein is high;
(iv) Goal 4-select artifacts whose effort required to complete them is low;
(v) Goal 5-Select artifacts whose level of knowledge in software testing required to complete them properly is pretty low;
(vi) Goal 6-Select the artifacts whose cost to complete is considered low.
As you can see, the goals defined do not have values directly associated. Therefore, the values obtained using the multicriteria model (step "calculate the general scores of the criteria"), depicted in the previous section, were used as the value of each one of the goal defined herein. Thus, two possible values v m were established for each goal m associated with a criterion c, and that will be applied to the constraints of inequality (8) After assignment of values of each goal, the constraint (8) presented in the simplified model of Charnes and Cooper [25] , was redefined using the decision variables and the goal values assigned, as shown below:
where x is the document and c is the criterion related to goal m. Then, the objective function (7) was also redefined by considering that all the positive deviations can be discarded since it is a maximization problem. For a maximization problem it does no matter how much a positive deviation is exceeded, it matters only how to minimize the maximum negative deviations, which represents how much is missed for achieving the goal. Another difference between the objective function redefined and the function originally presented in the simplified model of Charnes and Cooper [25] is the inclusion of weights for each of the goals, which makes the model closer to reality, considering that each goal will have a differentiated factor of relevance according to the particularities of each enterprise. Therefore, we have the following objective function:
Finally, to avoid the obvious solution, which in the context of this work is the use of all the documents in order to 6 Advances in Software Engineering achieve all the objectives, it was necessary to add constraint (13) , in order to obtain the best subset of n documents,
where q is a parameter of the model created with the purpose of limiting the amount of documents used. Thus, if q = 1, then the model will define the best document considering all the goals and constraints. If q = 2, then the model will define the two best documents, given that the first document was already known after the first run of the model. Therefore, the successive execution with the value of q incremented step by step will result in a formulation of the top ranking documents.
The final model consists of the objective function (12) plus the constraints (9), (11) , and (13) . The results obtained for the goal values (I) and (II) are presented in the next section:
Application of Hybrid Model for the Selection of Test Artifacts
The proposed testing methodology for micro and small software development companies is based on the ISO 829, with regard to the standard documentation to be developed during the planning and execution of the tests. We chose to use this standard as a basis for this work, given that, in addition to presenting a set of documents that can be adapted for specific organizations or projects, this standard provides a set of information relevant to the testing of software. The adaptation of ISO 829 with the purpose of enabling its use in micro and small enterprises was based on Crespo (2003) . According to Crespo (2003) , although the IEEE 829 can be used for testing of software products of any size or complexity, for the projects of small or low complexity, some proposed that documents can be grouped so as to decrease the manageability and production cost of documents. Furthermore, document content may also be abbreviated.
That way, the proposed methodology was defined with the support of experts in software testing and professionals engaged in micro and small enterprises through the hybrid approach involving multiple criteria and goal programming technique, as presented in the following section.
Application of Multicriteria Model in the Prioritization of Documents Made Available by ISO 829.
Initially the multicriteria model was applied to the documentation provided by the IEEE 829-1998, aiming at obtaining a goal value to each of the documents and, thus, supporting the selection of the items most relevant to the needs of micro and small enterprises through the application of goal programming model. The structuring phase of the multicriteria model consists of the steps of identifying criteria, identification of the actors and their weights, and realization of partial evaluation.
During the stage of identification of criteria, all actors participated in a section for the choice of the criteria to be considered for prioritization of documents of IEEE 829-1998. Two groups of actors were selected to be part of this decision making process. The first group consists of 2 (two) experts in software testing, and the second group consists of 2 (two) professionals working in micro and small enterprises.
These actors have responded to a questionnaire consisting of 3 (three) sections, covering the characterization of the interviewee, the prioritization of criteria used in the model, and the analysis of the actor's point of view against the criteria and analysed documents. The documents, in turn, represent the decision making process solution alternatives.
The calculation of the actor's weight was obtained through the sum of the score corresponding to each of the items of the questionnaire. For example, in the case of the item of the questionnaire that considers the degree of the actors, each one of the options: bachelor, specialization, masters, and Ph.D., corresponds to a specific score, ranging between 0.25; 0.50; 0.75; 1.0, respectively. The weight of each actor is presented in Table 3 .
Still regarding the weight of the actor, each criterion was established with the support of experts and through conferences, a factor that is differentiated for each group (experts and practitioners of micro and small enterprises), which multiplied the weight of the actor obtained previously, corresponds to the actor's weight to the criterion in question. Table 4 presents the factor defined for each criterion and a group of actors.
To facilitate the understanding, the calculation of the final weight of one of the actors participating in the process in relation to the relevance of information is presented below:
so PA(Professional MPE 2, Relevance of information) = (1 + 1 + 1 + 0, 75) * 0, 66 = 2, 475. Then each actor ranked the selected criteria as your perception of their priority for the process as a whole, as can be seen in Table 5 .
Continuing the process, for each criterion, we performed a partial evaluation of the score. This partial evaluation is the result of the multiplication of the values obtained from the point of view of the actor for each document, the actor's weight, and priority of the criterion. It is worth mentioning that the values applied to priority and weight of the actor, were equalized, aiming to ensure equal assessment. Thus, whereas the priority value presented in Table 5 , for the professional actor MPE 2 regarding the criterion "relevance of information" is 4, for the calculation of partial evaluation, we have where n represents the amount of criteria, so: Priority (Professional MPE 2, Relevance of information) = 4/6, Priority (Professional MPE 2, Relevance of information) = 0,66. Similarly, the actor's weight was also standardised. Therefore, standardisation of professional actor weight MPE 2, presented in Table 3 , for the relevance of the information, is shown below:
so PA(Professional MPE 2, Relevance of information) = 2,475/4, PA (Professional MPE 2, Relevance of information) = 0,61. Finally, the calculation of partial evaluation representing the score obtained for the test plan document of professional actor MPE 2, with respect to the criterion "relevance of information," is presented below: Priority (a, c) Table 6 presents the result of the average of each document and criteria. This result, as shown in Section 5.1, the value of goal of each criterion was evaluated in the model obtained based on: The value corresponding to the sum of the scores of documents for each criterion, as well as the average of the scores of the calculated documents was obtained based on the presented values.
Finally, the goal programming model structured based on the results obtained through the application of multicriteria model is presented below. The average of the priorities assigned to each criteria by the actors involved in the decision process was used as the weight of the criteria in the objective function of goal programming model. Likewise, as shown in 
In the second run, the value of the summation of the scores of each general document for each criteria was used as the target value for the constraint R Crit 0. In this case, the value 0.1058571 was replaced by 0.8468571. The following are the results of applying the hybrid model to support the decision of the test artifacts selection.
In the second run, the value of the summation of the scores of each general document for each criteria was used as the target value for the constraint R Crit 0.
Computational
Results. The proposed model was solved using the software IBM ILOG OPL 6.3, assigned to the academic community. Two scenarios were performed using the sum (I) and the average (II) as the goal values. The results are shown in Figure 2 .
We can note that the prioritization of the documents was carried out satisfactorily, considering the two goal values options established. However, the application of the model using the average as a goal value obtained a result closer to what had already been obtained by applying a multicriteria model and evaluation of the actors involved in decision making process presented by Rodrigues [26] . This result is possibly more feasible because it includes documents produced during the main stages of the testing activity. On the other hand, the result that considered as a goal value of the summation could be more interesting for an enterprise in which the documents produced for the stage of execution and evaluation of the tests are of higher priority than those documents produced for the planning stage of tests.
Conclusion and Future Works
This paper proposed a hybrid model for prioritization of documents to be produced during the software testing activity in an enterprise. The purpose of applying the model to obtain the prioritization of the documents available on IEEE 829 [13] Standard is to establish a set of documents that may be considered, possibly closer to the reality of micro and small enterprises when they are not able to produce all documents suggested by the IEEE 829. The application of the proposed model met the goal of prioritization while at the same time allowed to replace the way enterprises define, often using an evaluation without criteria formally established, the documents that are part of the scope of their processes. Thus, the application of a decision support model attempts to decrease the subjectivity, with which decisions are made, but it is important to note, not necessarily the result of decision making will be exactly equal to the result obtained with application of the prioritization model. However, future works, it is essential that the differences among the results obtained with the application of the model and the judgments expressed by the participants involved in the decision making process are evaluated, with the purpose of adjusting the model as close as possible to the reality.
Although the proposed approach aims the prioritization of documents to form a testing process, we believe that it can be applied to different prioritization problems, such as prioritization of use cases to perform peer review.
